this issue. the mechanism by which inhibition of the Na / H -exchanger prevents reperfusion injury.
Introduction 2. [Na] , reperfusion injury and preconditioning i
A substantial body of presently available evidence supports the contention that cytosolic accumulation of Three aspects of the process of ischemic preconditioning sodium during ischemia is instrumental to the elevation of have been distinguished and critically reviewed [12] : the intracellular calcium during ischemia and reperfusion initiating trigger delivered during the preconditioning 1 through prolonged reversed mode operation of the Na / ischemic episodes, the activation of signalling pathways 21 Ca -exchanger [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , which eventually leads to irand the end-points. There is considerable consensus that reversible injury. The study by Xiao and Allen [1] preconditioning merely delays the onset of irreversible published in this issue of Cardiovascular Research further damage but certainly does not prevent it. This holds for all elaborates on the original hypothesis by Lazdunski et al.
end-point indices of preconditioning, contracture develop- H -exchanger is pivotal in causing myocardial reperfusion contractile dysfunction, onset of necrosis and infarct size injury following prolonged ischemia and adds to the reduction (see for review Ref.
[12]). Thus, any proposed ongoing debate on the subject. The study provides exmechanism underlying preconditioning should basically 1 1 perimental evidence that the Na / H -exchanger is relaexplain the retardation of deteriorating metabolism and ion tively inactive during ischemia, but rapidly re-activates homeostasis. The qualitative and quantitative outcome of early during reperfusion causing an increase in cytosolic interventions such as reperfusion during the course of 1 21 Na which secondarily results in cytosolic Ca overload ischemia critically depends on the timing of the interven-
by the Na / Ca -exchanger operating in reversed mode. tion.
1
Inhibition of Na / H -exchange during reperfusion greatly The observation that the preconditioning episodes did metabolic and ionic deterioration in the preconditioned ongoing anaerobic glycolytic activity, development of hearts. At this stage, it can not be excluded that reacidosis and lactate production, the plateau phase of conditions were better preserved. energy of the Na / Ca -exchanger gradually decreases Regardless of the exact mechanism by which a critical from about 6.5 kJ / mol to near thermodynamic equilibrium calcium overload condition causes ischemia / reperfusion [22] . Indeed, from a Na-NMR study in the isolated rat heart During this phase the free energy of the Na / CaImahashi et al. recently concluded that intracellular sodium exchanger remains about zero [22] . It is during this phase accumulation during ischemia is the substrate for reperfuthat reperfusion may cause injury. Preconditioning retards 21 sion injury and that its kinetics coupled to Ca influx the onset of the second phase. 1 21 during reperfusion determines the degree of injury [3] . An Near thermodynamic equilibrium of the Na / Ca -exEditorial commentary dedicated to this study reviewed changer may be formulated in terms of trans-sarcolemmal potential mechanisms of sodium influx during ischemia ion gradients by versus re-flow and the controversies regarding the in- additive to inhibition of the Na / H -exchanger [10] . into reversed mode until equilibrium is re-established by Contribution by non-inactivating Na-channels to sodium an increase of [Ca] . The opposite occurs with reduction of
accumulation was discussed [4] . However, because Na-[Na] by the Na / K -ATPase or by washout of extraceli 1 channel blockade reduces hypoxic sodium loading and lular K and membrane repolarization. Detrimental effects sodium-dependent calcium overload [13] , action potential by reperfusion of tissue suffering from substantial potential 1 dependent Na entry must be considered, because at loss, which is particularly obvious in prolonged hypoxia or physiological heart rates it could contribute substantially to ischemia [18, 19] , may thus at least in part be explained by 1 sodium accumulation during reperfusion. Na-channel delimited repolarization during washout of extracellular K .
1 pendent Na entry during the action potential may be It also follows from the near equilibrium formulation that 1 21 estimated to be about 2 to 4 mmol / l per beat. the maximal contribution that the Na / Ca -exchanger can make to changes of [Na] equals three times the i change of [Ca] . Taking into consideration calcium bufferi 3. Thermodynamic considerations ing of myocardial tissue [23] it can be estimated that even at [Ca] as high as a few mmol / l this contribution is a few
The requirements for a Na / Ca -exchanger dependent mmol / l at most. calcium overload condition to occur during ischemia and It is not immediately clear how to distinguish between during early reperfusion are complex. The process involves specific reperfusion dependent injury and aggrevation by the interplay between thermodynamic driving forces and reperfusion of pre-existing irreversible damage inflicted 1 21 kinetic properties not only of the sarcolemmal Na / Caduring the course of ischemia. Nevertheless, the specific exchanger (see for review Ref. [14] ), but also of the reperfusion dependent effects, as far as calcium overload
Na / H -exchanger [10, 15] , the Na -HCO symporter plays a role, may be appreciated from the time derivative [14], the mitochondrial Na / Ca -exchanger and Camembrane potential as well. A negative sign of the time uniporter [16, 17] 
